Susceptibility to aUdiogenic seizures (AGS) was investigated in Sprague-Dawley rats subjected to cardiac arrest cerebral ischemia (CAC!), produced by compression of the major cardiac vessels. The onset of AGS was regularly observed 1 day after CACI of >5 min duration. The duration of postischemic susceptibility to AGS was directly related to the density of cerebral isch emia, with 50% of more severely ischemic animals still showing AGS susceptibility 8 weeks after CAC!. Lesion ing of the inferior colliculi (IC) abolished the onset of AGS; no such effect was observed after lesioning the me dial geniculate (MG), Glutamic acid decarboxylase (GAD) immunochemistry revealed �50% loss of GAD-
An associatIOn of acute cerebral ischemia with epileptic seizures has been regarded as indicating a severe ischemic injury. In clinical conditions, ap pearance of seizures in patients resuscitated from cardiac arrest is likely to presage a poor outcome (Krumholz et al., 1988; Kilpatrick et al., 1990) , whereas animals with postischemic seizures tended to be excluded from experimental groups, mostly due to the uncertainty as to how much ischemic damage could be affected or aggravated by epileptic activity (Pulsinelli and Brierley, 1979; Smith et al., 1984) . positive neurons in the IC, which was similar in animals with various durations of AGS susceptibility. Otherwise, there was a conspicuous sprouting of -y-aminobutyric acid (GABA)-ergic terminals in the ventral thalamic nuclei, which peaked � 1 month after the CAC!. Evaluation of GAB A-A inhibitory function in the hippocampus by the paired pulse stimulation revealed changes indicating loss of GAB A-A inhibition coinciding with the onset of AGS, and its return in animals tested 2 months after CAC!. OUf observations suggest a potential role of GABA-ergic dys function in the postischemic development of AGS. Key Words: Cardiac arrest cerebral ischemia-Audiogenic sei zures-Inferior colliculus,
In the studies of epileptic mechanisms it has been known for a long time that in certain genetically prone strains of rodents, epileptic seizures can be induced by sound, e.g., rattling of keys. Concerning the association of cerebral ischemia with aUdiogenic seizures (AGS), Ross and Duhaime (1989) demon strated development of AGS following global cere bral ischemia produced by raising intracranial pres sure in rats normally not susceptible to AGS. Oth erwise, Voll and Auer (1991) described AGS in 80% of rats subjected to two-vessel occlusion. In recent studies by Kawai et al. (1992b) , regular onset of AGS was observed 1 day following cardiac arrest cerebral ischemia (CACI), produced by compres sion of the major cardiac vessels.
In view of the clinical importance of cardiac ar rest-an increasingly common occurrence in stressful modern civilization-and its occasional association with seizure activity, the CACI model was used in the present study. The selection of this model was favored by a very low mortality «2%) and by its association with widespread -y-aminobu tryic acid (GABA)-ergic neuronal changes (Kawai et al., 1992a) , which could be of significance in elu cidation of some interrelation between ischemic and epileptic pathophysiology. Our study was particu larly focused on the dynamic profile of seizure in cidence and its relation to GABA-ergic changes. The neuronal GABA-ergic alterations were primar ily evaluated by immunohistochemical assays for glutamic acid decarboxylase (GAD) reactivity. In view of a putative role of the inferior colliculus (IC) in the induction of AGS (Kesner, 1966; Wada et al. , 1970; McCown et al., 1984; Bagri et al. , 1989; Millan et al., 1986) , evaluation of neuronal changes in this structure received special attention. Otherwise, to assess the functional status of the GABA-ergic ele ments, we used a physiologic test of feedback inhi bition that is mediated by GAB A-A receptors ap plying paired pulse stimulation (PPS) to the per forant path while measuring the evoked responses of the granule cells of the dentate gyrus in the hip pocampal formation.
METHODS

Cardiac arrest
Cardiac arrest was induced in adult male Sprague Dawley (n = 112) or Wistar (n = 5) rats weighing 200-400 g, according to the method previously described (Kawai et aI., 1992a) . Briefly, the rats were anesthetized with 1.5% halothane in 2: I nitrous oxide/oxygen until the onset of ischemia. During anesthesia, each rat was weighed and the left femoral artery catheterized in order to monitor the arterial blood pressure (BP). A bent wire device was in serted into the chest of the animal at the level of the second intercostal space and gently manipulated so that its distal part was placed horizontally under the bundle of major cardiac blood vessels. Lifting the wire and applying finger pressure from outside resulted in a fall of the BP to zero and cessation of spontaneous breathing within 10 s. The device was removed after ascertaining at 3-4 min that the BP remained at zero. The resuscitation of the animals was carried out by initiation of artificial respiration via nasal catheter and application of cardiac massage. Usu ally, <2 min of cardiac massage was required to induce a spontaneous and effective cardiac activity, associated with a rise of BP >50 mm Hg. From this point, the arti ficial respiration was continued for another 15 min. After removing the nasal and femoral catheters, the animals were returned to their cages with free access to food and water. No effort to control the body or brain temperature was made throughout the procedure, except for the group of nine animals in which temperature was maintained at 37°C during ischemia and resuscitation.
Testing for AGS susceptibility AGS susceptibility was tested by using the jingling sound of keys (sound intensity measured: 90-100 dB, fre quency >4,000 Hz). The sound stimulus was given until the animal started a wild running seizure, otherwise it was continued for 90s. Seizure susceptibility tests were per formed at 24 h following cardiac arrest, then once every 7 days. For establishing the thresholds of AGS susceptibil ity with regard to duration of cerebral ischemia, the re suscitation was started in groups of rats at 3 (group A; n = 8), 5 (group B; n = 20), 7 (group C; n = 75) and 9 (group D; n = 9) min following cardiac arrest. To estab lish an overall duration of susceptibility to AGS, three rats from A, eight from B, 25 from C and eight from D groups were observed for longer periods, up to several months. AGS susceptibility was tested also in Sprague Dawley rats without CACI (n = 5) and in Wistar rats (n = 5) subjected to the CACI with resuscitation starting at 7 min.
To evaluate the effect of temperature on incidence of AGS, nine rats were subjected to CACI while maintaining the temperature at 3rC during ischemia and a period of resuscitation by placing the animals into a heating cham ber and monitoring the temperature via thermocouples placed in the rectum and temporal muscle. The corre sponding group (n = 9) was subjected to CACI without temperature control.
Lesioning study
Seven days before cardiac arrest, Sprague-Dawley rats were anesthetized with sodium pentobarbital and fas tened to a stereotaxic frame. A stainless steel electrode (tip exposure 1 mm, tip diameter 0.25 mm) was advanced through a burr hole in the skull and electrolytic lesions were made bilaterally in IC (n = 4) or in medial geniculate (MG) (n = 4), using current (5 rnA, 30-60 s) generated by a lesion maker (Grass LM 4, Quincy, MA, U.S.A.). The electrode was placed according to coordinates from the Paxinos and Watson (1982) rat brain atlas, using 20 or 30° approach angle from behind in order to avoid venous si nus injury. Seven days following IC and MG lesioning, the rats were subjected to CACI, with resuscitation start ing at 7 min after cardiac arrest. The animals were tested for AGS 24 h after CACI and at 7 days, just before they were killed by perfusion with paraformaldehyde, follow ing which 20 fLm frozen sections were cut from the blocks containing IC or MG and stained with cresyl violet (CV). The morphometric evaluation of the lesions was obtained by image analysis, using a CCD camera (Sierra Scientific) and a screen computer analyzer.
GAD immunochemistry
Changes in GAD immunoreactivity were studied in the following groups: normal control rats (group I, n = 7); 7 days after CACI (group II, n = 8); and long-term rats (29-53 days after CACI), divided into group III (n = 5), representing rats which were seizure-susceptible contin uously from 24 h following cardiac arrest to the day of death, and into group IV (n = 5) of rats, which ceased to show AGS susceptibility before the day of death.
For evaluation of GAD immunoreactivity, the rats were anesthetized with halothane and transcardially per fused with 100 ml of 0.9% saline followed by 400 ml of 4% paraformaldehyde in 0. 1 M phosphate buffered saline (PBS, pH 7.4). After 1 h of postfix at ion in situ, the brains were removed and incubated for 2 days in PBS containing 20% (w/v) sucrose (4°C). Free-floating 20-fLm coronal sec tions, cut in a cryostat at -15°C, were incubated in 1% sodium borohydride in PBS for 30 min, rinsed in PBS, and incubated in 10% normal rabbit serum in PBS for 2.5 h, followed by washing in 2% normal rabbit serum in PBS. Sections were then incubated in primary GAp an tisera (1 :2,000) in PBS containing 2% normal rabbit serum overnight at room temperature on a shaker, and then for 1 day at 4°C. Polyclonal antibody raised in sheep was provided by the Laboratory of Clinical Science, NINDS (Courtesy of Dr. 1. Kopin). Following incubation in pri mary antibody, the sections were washed in PBS with 1% normal rabbit serum and incubated in secondary antibody (1 :200 biotinylated rabbit anti-sheep IgG, Vector) in PBS at room temperature for 45 min. After washing in PBS with 1 % normal rabbit serum, sections were incubated in avidin and biotinylated horseradish peroxidase (Vecta stain Elite ABC kit, Vector) for 45 min, followed by washing in PBS and then in Tris-buffered saline (pH 7.6). A DAB substrate kit for horseradish peroxidase (SK-4100, Vector) was used for coloring reaction. Sections were washed, mounted on gelatin-coated slides, dehy drated, cleared in xylene, covered, and examined under the light microscope.
The morphometric computations concerning the GAD positive neurons were confined to the central nucleus of the inferior colliculus (CNIC), within which the dor somedial (DM) and ventrolateral (VL) subdivisions were recognized (Fig. 1) . The total count for an individual rat comprised the sum of DM-and VL-positive neu rons, computed bilaterally in I-mm squares in four sec tions each 10 f.Lm thick cut serially at 200-mm inter vals. Only neurons with distinct cytoplasmic boundaries and the presence of dark brown reaction product within the perikaryal cytoplasm (Roberts et al., 1985) were counted.
Paired pulse stimulation
Animals were anesthetized with 1.35 g of urethane s.c. and placed in a stereotaxic device. Bipolar twisted wire stimulating electrodes were implanted into the perforant path at -8.1 mm posterior and 4.4 mm lateral to the bregma. A glass microelectrode (impedance 1-2 MO) filled with 4 mM NaCl was placed in the dorsal hippo campus at -2.5 mm posterior and 3.0 mm lateral to the bregma for extracellular recording. The dorsal-ventral position was determined by maximizing the amplitudes of the evoked excitatory postsynaptic potential (EPSP) and population spike. Pairs of identical square wave pulses of O.I-ms duration and 20-V amplitude were applied to the stimulating electrode. The evoked responses were ampli fied then recorded with an AID computer interface (Ax olab 110, Axon Instruments) and analyzed at a later time. The amplitude of the population spike was taken as the height of the line from the response peak to a line tangent across the onset and the offset of the spike (Tuff et al., 1983) . The population amplitude ratio was obtained by dividing the amplitude of the second population spike (test response) by the amplitude of the first (conditioning response). The population spike amplitude ratio of CACI animals were compared with those of the controls using the unpaired Student's t test (Sloviter and Damiano, 1981) . GABA-A-ergic feedback inhibition was assessed by applying paired pulses at a frequency of 0.1 Hz using interpulse intervals of 20, 25, 30, 40, 60, 100, 200, 250, 300 , and 400 ms.
RESULTS
Cardiac arrest
All animals subjected to cardiac arrest were suc cessfully resuscitated. The duration of ischemia, measured from the time of vascular occlusion until the mean BP reached 50 mm Hg, was 4.5 ± 0.5 min (mean ± SD) in group A, 8.3 ± 0.7 min in group B, 10.7 ± 0.9 min in group C, and 13. 7 ± 1.2 min in group D (Table 1) , respectively. All animals in groups A, B, and C became alert and showed no motor deficit at 24 h following cardiac arrest. Most rats in group D showed paraparesis at 24 h, but the motor deficit disappeared within a few days. All rats without temperature control survived until the day of death, except one in group D, which died in status epilepticus.
General profile in AGS susceptibility
The rats of different weight, being randomly dis tributed throughout the experimental groups, re vealed no correlation between seizure susceptibility and weight. A relation of AGS to density of isch emia is presented in Table 1 . The rats, in which resuscitation was started at 3 min failed to display AGS when tested. Animals resuscitated at 5 min showed 65% susceptibility to seizures. All rats with start of resuscitation at 7 min or longer and with duration of ischemia> 10 min reacted with seizures when tested.
The sensitivity to seizures became manifest on the first day after CACI. At that time, the animals appeared to be hyperreactive. They always reacted with startling or jumping (startle myoclonus) when one short loud stimulus was given or when they were touched suddenly. In some rats, as early as 8 h after ischemic insult, sounds of footsteps or of running water were sufficient to provoke a seizure. This hyperreactive state receded after several days and from then on AGS could be induced only by the test sound stimulus and no spontaneous seizures were observed.
Concerning the effect of temperature on AGS, the group of rats in which temperature was main tained at 37°C during ischemia and resuscitation, revealed, when compared with the control group, an indication of more severe brain injury, associ ated with significantly reduced incidence of AGS. Whereas the AGS incidence in the "unheated" group was 100% when tested 24 h after the CACI, in the temperature controlled rats the AGS incidence amounted to 55% (p < 0. 05, Fisher test). The ani mals in this group showed clinical signs of severe ischemic injury, expressed mostly in paralysis of hind legs and reduced ability to feed themselves, which resulted in a weight loss and increased mor tality, 4 of 9 rats dying by the 14th post-CACI day.
The sound-induced epileptic reactivity revealed two characteristic patterns, (i.e., with and without clonic convulsions). In the clonic pattern, the rats became restless at the start of sound stimulation, and within 30 s abruptly went into wild and violent running. The running was not controlled: The rats bumped into the wall or the top of the cage, occa sionally suffering injury. With the cessation of wild running, the rats showed brief tonic extension of the trunk and all four limbs, which was followed by clonic movements, resembling bouncing or jump ing, and involving the whole body. At the end of the convulsions, the animals tended to fall onto one side, with clonic movements rapidly fading away. This was followed by a catatonic state, which could be easily interrupted by a variety of stimuli, with the rats resuming a normal posture.
In another pattern, the rats after wild running re mained for some time in a catatonic state, failing to reveal any tonic-clonic movements. There was no apparent relation between density of ischemia and seizure pattern.
Temporal profiles concerning duration of suscep tibility to AGS revealed its direct relation to an in tensity of ischemic insult. As can be seen from Ta ble 2, in group B, the susceptibility to AGS was reduced by 50% 1 week after CACI, and only 25% of animals showed AGS susceptibility after 2 and 3 weeks. The persistence of AGS lasted considerably longer in the more severely injured groups C and 0, in which 50% of rats still revealed AGS reactivity at 5 and 6 weeks, respectively. After the first negative response to stimulation, no animal showed a return of AGS susceptibility at later testings.
The normal Sprague-Dawley rats failed to react to auditory stimuli, whereas all of the five Wi star rats, that were subjected to cardiac arrest and re suscitated at 7 min, developed AGS susceptibility. Time course of development and clinical manifes tation of seizures in Wistar rats were similar to those in Sprague-Dawley rats.
Seizure induction was also attempted in group C rats by various frequencies of stroboscopic light, pain stimuli, or tactile stimuli applied to the vibris sae or skin. The results were consistently negative, and only auditory stimuli were able to induce sei zures.
Lesioning study
In IC-and MG-lesioned rats, the duration of isch emia was not significantly different (unpaired t test, p = 0. 58) and averaged 11.1 ± 0. 7 and 10.8 ± 0.7 min (mean ± SO), respectively. Figure 2A and B show the extent of IC or MG lesions in each animal. In three of four IC-lesioned rats the AGS suscepti bility was absent, and one rat ( Fig. 2A) , which had a very small lesion, showed only wild running at 24 h and limited running at 7 days. All MG-lesioned rats (Fig. 2B ) showed fully blown seizures at 24 h with wild running followed by clonic-tonic convul SlOns.
GAD immunochemistry
The duration of ischemia in GAD-studied rats was not significantly different between II, III, and IV groups (analysis of variance [ANOYA] followed by F test, p = 0. 43) amounting to 10.9 ± 0.73, 11. 5 ± 1.1, and 10.8 ± 0. 8 min (mean ± SO), respec tively.
Morphometric quantitative studies on GAD positive neurons revealed �50% loss of these cells in the CNIC, with its ventrolateral portion more affected than the dorsomedial one (Fig. 3) . No sig nificant difference in GAD-positive neuronal count was evident between 7-day surviving rats and the (8) long-term animals. Among the latter, there was also no difference between rats that preserved continu ous AGS susceptibility and those that ceased react ing to sound with the seizures.
Microscopically, the CNIC in the control rats was characterized by the presence of a smaller or larger, less numerous variety of neurons. The latter contained centrally located nuclei with prominent nucleoli and sharply outlined Nissl bodies (Fig. 5A) . Observations concerning GAD immunoreactivity confirmed a marked loss of GAD-positive neurons in the CNIC, conspicuous in all groups of postisch emic animals. The reduction in GAD-positive neu rons related primarily to the small cell variety, whereas conspicuously large GAD-positive neurons with darkly stained processes were not rarely seen in the long-term animals (Figs. 4B, 6B ). The corre sponding cresyl violet sections from long-term ani mals revealed in the CNIC the presence of neurons � � ��NO.160 � ::fJO�J-/(0� ) g \ NO SZ. showing features of a typical central chromatolysis, characterized by a peripheral shift of the nucleus endowed with an enlarged nucleolus and a homoge neous, glassy, central cytoplasm (Figs. 5B, 6A) . Outside of the IC, the GAD-immunostained sec tions showed in 7-day rats, in the ventrolateral por tions of the thalamus in the vicinity of the n. retic ularis thalami, the beginning of new formation of GABA-ergic terminals (Fig. 7 A) . In animals killed close to 30 days after cardiac arrest, there was a profuse sprouting of the new GABA-ergic termi nals, predominantly in the ventral areas of the thal amus (Fig. 7B) .
Paired pulse stimulation
Animals tested one week after CACI showed a loss of paired pulse inhibition that is normally seen at short «30 ms) interpulse intervals (Tuff et aI., 1983) with an actual potentiation of the second pop ulation spike amplitude (Fig. 8 ). There was a statis tically significant increase in the amplitude of the second population spike compared with the first at an interpulse interval of 20 ms (Table 3 ). The po tentiation that is normally seen between 50 and 150 ms interpulse intervals was accentuated in these an imals as well, though the increase was not statisti cally significant. However, these responses re turned very close to the control values in animals tested 2 months after CACI (Fig. 8) . There was no difference in the late-phase inhibition for any of the groups tested (Table 3) . Thus, the loss of inhibition after CACI was specific for the feedback inhibition seen at short interpulse intervals, but was transient, returning very close to normal by 2 months. riod (Pierson and Liebmann, 1992) and the geneti cally epilepsy-prone rats (GEPR) originate from Sprague-Dawley (Reigel et aI., 1986) and Wistar (Marescaux et aI., 1987) rats, it can be assumed that an insult of cardiac arrest ischemia mostly repre sents a trigger mechanism for induction of AGS in a priori predisposed animals.
The review of AGS susceptibility profiles reveals (a) that a 5-min duration of ischemia represents a threshold for appearance of seizures (Table 1) , and (b) that there is an evident correlation between the density of ischemia and the duration of postisch ernie susceptibility to seizures ( Table 2 ). The 5-min ischemia threshold should be considered as valid only in reference to our experimental conditions, and it can be assumed that modifying temperature or glucose levels could significantly influence this threshold.
A 1966; Wada et a\., 1970; Willot and Lu, 1980) , whereas lesions in the auditory pathways rostral to Ie had no such effect. Similarly, in the present study, Ie lesions abolished AGS whereas MG \e sioning showed no effect on the onset of seizures ( Fig. 2A and B) .
It can be thus assumed that the ability to respond with seizures to auditory stimuli is related to the integrity of Ie neurons, whereas the AGS suscep tibility may be enhanced by disinhibition due to dysfunction of the GABA-ergic system and partic ularly by its defective GABA receptors on the pri mary Ie neurons (Faingold and Anderson, 1991) . Thus, in the present study, the effect of the temper ature could be interpreted by assumption that a se- vere destruction of the primary Ie neurons in tem perature-controlled rats, inferred from the clinical condition of the animals, could account for a signif icant reduction in AGS incidence, whereas in "un heated" rats, a dysfunction of the GABA-ergic sys tem, prevalent in our model, would contribute to a state of hyperexcitation, effective in induction of the seizures.
Generally, a role of decreased GABA inhibition has been recognized and accepted as a major mech anism in seizure initiation (Ribak et aI., 1979) . A reduced GABA-mediated inhibition was demon strated in GEPR (Faingold et aI., 1986; Faingold and Anderson, 1991) , whereas infusion of excitato ry amino acids or bicuculline into the Ie induced AGS susceptibility in normal rats (Millan et aI. , 1986) .
Our previous study on CACI (Kawai et aI. , 1992a) revealed striking, early changes in various GABA-ergic neuronal populations, appearing mostly reversible with the exception of n. reticu laris thalami (NRT) , which showed �80% loss of its purely GABA-ergic neurons. Decreased GAD ac tivity has also been reported in substantia nigra and caudoputamen following transient hyperglycemic ischemia in animals that developed seizures (Fol bergrova et aI. , 1989) . However, the neuronal loss in the NRT does not seem to correlate with seizures because CA ischemia of less than a 5-min duration could be associated with severe NRT damage with out increased susceptibility to AGS. It is clear from the findings of the present study and from the work of other authors (McCown et al. , 1984; Millan et al. , 1986 ) that lesions of the IC cause initiation of AGS, and the mechanism is a loss of inhibitory function of this structure. To date, there is no experimental model that directly detects GABA-ergic recurrent inhibition in the IC. However, the PPS of the hip pocampal dentate gyrus provides an easily accessi ble method of measuring the specific loss of GABA A-ergic recurrent inhibition. .
Our recent CACI investigations (Kawai et aI., 1992b) indicate that although the onset of degener ative changes in somatostatin (SS)-positive hilar neurons of the hippocampus coincided with the on set of seizures, the loss of SS neurons persisted when the susceptibility to AGS faded away. On the other hand, the onset and duration of AGS seemed to coincide with the changes in recurrent inhibition measured by PPS of the dentate gyrus, which re flects the GABA-A inhibitory status in the hippo campus. The dentate gyrus, though clearly not re sponsible for the initiation of audiogenic seizures, has been identified as a principle structure respon sible for the spread of seizures in more rostral struc- tures (Lothman et aI., 1992) . In addition, GEPR susceptible to audiogenic seizures have been shown to have an accelerated rate of kindling to limbic seizures with stimulation of the perforant path, the primary afferent input to the dentate gyrus (Savage et aI., 1986) .
A functional assessment of post synaptic GABA ergic inhibition demonstrated a loss of this inhibi tory response at 1 week after CACI which coincides with the period of marked AGS susceptibility. However, at 2 months after CACI when 75% of rats subjected to a to-min ischemic duration were no longer susceptible to AGS, there was a return of this early inhibitory response to near normal levels. Tuff et aI. (1983) found that early-phase inhibition (interpulse intervals <30 ms) at low stimulation fre quencies (0.1 Hz) was clearly caused by a GABA A-mediated mechanism. They also found that late phase inhibition «200 ms) was independent of a GABA-A-mediated mechanism. We found that there was no change in late-phase inhibition even when there was a pronounced loss of early inhibi tion. Feedback inhibition in the dentate gyrus is thought to be granule cell synaptic excitation of in terneurons, which then send inhibitory synaptic (feedback) inputs back to the granule cells. Early changes in GABA-ergic nerve cells after CACI (Kawai et aI., 1992a ) also included dentate hilar in terneurons. In the present study, the early loss and later return of GABA-ergic feedback inhibition in dicates the occurrence of some structural plastic changes, such as sprouting of inhibitory terminals from surviving GAD-positive interneurons. Re cently, Luhmann et aI. (1993) investigated the func tional consequences of transient hypoxia on GABA-ergic inhibitory mechanisms in primary sen sory cortical slices. Brief periods (2-4 min) of hyp oxia caused a complete block of paired pulse inhi bition measured extracellularly and a reduction of GABA-ergic inhibitory postsynaptic potentials measured intracellularly. There was complete re covery of these inhibitory parameters several min utes after normoxia was returned. Ideally, it would be helpful to establish an electrophysiologic para digm that could directly measure GABA-ergic re current inhibition in the IC in order to confirm the role of impaired GABA-ergic transmission follow ing ischemic insults.
Concerning the IC, our present study indicated �50% loss of GABA-ergic neurons in the IC, irre spective of whether animals were still AGS susceptible or ceased reacting to auditory stimuli. This seems to suggest that it is not the neuronal loss itself, but also a state of regeneration of modulatory terminals or receptors, which might be important in determining a functional condition of affected brain tissue, including AGS susceptibility. According to our previous studies, regenerative phenomena fol lowing CACI were expressed in the sprouting of GABA-ergic terminals in the thalamus, coinciding with cessation of the AGS susceptibility (Kawai et aI., 1992b) , as well as in nuclear changes indicating stimulated neuronal protein synthesis, which could be observed in the hippocampus, thalamus, and cortex (Kawai et aI., 1992a; Mies et aI., 1993) . In the present study, classical pictures of the central chromatolysis, such as observed in the motor neu rons following transection of an axon, were fre quently seen in the IC, and, in previous studies (Kawai et aI., 1992a; Mies et aI., 1993) , numerous neurons with enlarged nucleoli and prominent Nissl bodies were also found in the cortex, thalamus, and CAl sector of the hippocampus. Otherwise, the lat ter structure was demonstrated to show an in creased incorporation of e4C]-leucine, indicating intensified protein synthesis in regenerating pyrami dal neurons (Mies et aI., 1993) .
In conclusion, our present study suggests that ce rebral ischemia due to cardiac arrest induces AGS susceptibility in genetically predisposed rats, which otherwise do not develop seizure activity in re sponse to stimuli like stroboscopic light, pain, etc. A wide involvement of the GABA-ergic system, ex pressed in widespread changes in various popula tions of GABA-ergic neurons and in PPS recordings indicating a reduced GAB A-A inhibition in the hip pocampus, appears to play a prominent role in the development of AGS. It may be considered that AGS susceptibility is determined not only by a cel lular loss in a particular neuronal population, but also by a status of synapses modulated by regener ation.
